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LONG TERM GOAL 
 
To design, fabricate and deliver a cymbal projector for the MIT vehicle in support of the SWAMSI 
program. 
 
OBJECTIVE 
 
To provide a broadband acoustic projector that can be placed within the MIT BlueFin test vehicle and 
provide acoustic output over the band of 1 kHz through 20 kHz.  
 
APPROACH and WORK COMPLETED 
 
The design of this projector is similar to that done for the NRL BMIS system and commonality of parts 
and fabrication tooling and techniques were used.  After a planning meeting at MIT, a specific 
projector design was selected.  Long term parts procurements were conducted and the fabrication was 
conducted at NSWC-Crane.  Upon fabrication, electroacoustic testing was done at NAVSEADIVNPT.  
In parallel with the projector design, a design of the driving electronic scheme and housings was 
completed with late FY06 orders for long term procurements.  It is expected that the electronics will be 
fabricated in FY07 and then delivered to MIT for use in their BlueFin vehicle. 
 
Technical support was provided by Kim Benjamin and Dr. Dehua Huang of NAVSEADIVNPT.  
Fabrication was provided by Scott Small and Derek Lengacher of NSWC-Crane.  Measurements were 
provided by Rene LeFleur, Hugo Mendoza and Walter Boober of NAVSEADIVNPT. 
 
RESULTS 
 
Fig. 1 shows the measured in-air admittance magnitude for each of the 4 staves in the cymbals array 
before polyurethane encapsulation.  Note the lower resonance frequency at 7 kHz.  The admittance 
magnitude provides an insight into the mechanical behavior and hence, expected acoustical behavior, 
of the transducer.  Fig. 2 shows a composite in-air measurement after encapsulation and then again 
after a 6 week aging.  Note that the lower frequency resonance dropped to approximately 4500 Hz 
because of the encapsulation.  It should also be noted that the responses are much cleaner and closer 
after the 6 week aging as their properties are creeping together similarly. 
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Fig. 1:  Measured in-air admittance of each stave in the cymbal array before 

polyurethane encapsulation. 
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Fig. 2:  Measured in-air admittance magnitude of the four staves after encapsulation 

and then measured 6 weeks later after “aging”. 
 



 
 

Fig. 3:  Photograph of cymbal panel prior to electroacoustic testing.  
 
 

Transmit Voltage Response
PZT-5H s/n 06-002

110

115

120

125

130

135

140

145

150

155

0.1 1 10 100

kHz

dB
 re

 u
Pa

/1
V

 
Fig. 4:  Measured transmitting voltage response of cymbal panel. 



A photograph of the completed array is shown in Fig. 3 as it is mounted for electroacoustic testing.  
Fig. 4 is a plot of the measured transmitting voltage response where all four of the staves are 
electrically tied together in parallel.  Note that this measurement shows that the desired low frequency 
resonance has been lowered to 1.2 kHz.  The measured directivity patterns showed excellent 
agreement for those expected from a rectangular piston source of the same radiating dimensions.  The 
array was tested in a free field, unbacked condition where upon application into the vehicle, 
expectations of a 3-5 dB increase in sound transmission across the frequency band are expected.   
 
IMPACT/APPLICATIONS 
 
The application of this array within the SWAMSI project will be completed in FY07 when the 
electronic drive system is procured, fabricated, tested and delivered.  The implication of transitioning 
this transduction technology into SWAMSI will be to provide a lower and broader frequency acoustic 
output while maintaining broader directivity than is presently being accomplished with the COTs 
approach.  The implementation of the cymbal technology is expected to offer increased performance 
for the SWAMSI approach.  
 
RELATED PROJECTS   
 
Naval Research Laboratory’s Broadband Mine Identification System (BMIS) which uses the original 
cymbal projector design for a monostatic source. 
 
PUBLICATIONS 
 
J. F. Tressler, T. R. Howarth and D. Huang, “A comparison of the underwater acoustic performance of 
single crystal vs. piezoelectric ceramic based ‘cymbal’ projectors,” Journal of the Acoustical Society of 
America, 119 (2), 879-889, 2006. [refereed]. 


